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1. 第一章 绪论。本章系统地介绍了 SPME 方法，包括其起源、发展、理论
基础、涂层种类和制备技术的发展，应用范围等，并提出本论文研究工作的思路。 
2. 第二章 碳/陶复合 SPME 涂层的制备、表征及其应用。采用碳/陶复合材
料作为涂层的固定相，合成碳/陶 SPME 涂层。以有机磷农药为目标物，对涂层
的萃取能力、热稳定性、耐溶剂性、机械性能稳定性和使用寿命进行了详细的研
究并与商品化的涂层进行了性能对比。详细研究了影响 SPME 萃取效率和 GC 分
离效率的各种条件，建立了实际水样中有机磷农残的 SPME-GC 分析方法。 





系列体系中，比较 MAA/TRIM SPME 涂层对目标分子的萃取能力，详细研究了
涂层的萃取机理。该方法克服基体干扰，成功应用于粮谷(黑米，大米和红豆)中
三嗪农药萃取。 
4. 第四章 聚甲基苯基硅氧烷 SPME 涂层的制备及其应用。以有机硅单体二
甲基二甲氧基硅烷（DiMe-DMOS）和二苯基二甲氧基硅烷（DDS）为原料，通
过共水解和阴离子催化开环反应合成羟基封端的聚甲基苯基硅氧烷 






















SPME 分析离子化合物所需要的衍生化的步骤。通过研究影响 EE-SPME 法萃取
效率的因素，如电压、pH 值、离子强度、搅拌速度等实验参数，阐明了该方法
基于电泳和互补电荷作用萃取溶液中的阴阳离子。 

























Some of the disadvantages of current solid-phase microextraction (SPME) 
coatings are fragility of fiber support, insufficient organic solvent and thermal stability, 
low extraction efficiency (especially for polar and ionic compounds) and selectivity. 
To overcome these drawbacks, we have developed several SPME coatings with 
enhanced chemical, physical stability and sensitivity using sol-gel, physical 
deposition and light-induced radical reaction. These SPME coatings were applied for 
the effective extraction of organic pollutants in real samples. In addition, the proposed 
electrochemically enhanced SPME (EE-SPME) method and device, which is based on 
the electrophoresis and complementary charge interaction, was used for the enhanced 
extraction of organic pollutants in environmental water, and drugs in biological fluids. 
The contents of this dissertation are summarized as follows:  
1 In the first chapter, SPME technique, including its origin, development, theories, 
coatings and applications, was systematically introduced. The research plan of the 
study was put forward. 
2 In the second chapter, a ceramic/carbon composite was developed and applied as a 
novel coating for SPME. The ceramic/carbon coating exhibited several good 
properties for SPME, such as high extraction quantities and enhanced thermal and 
organic solvent stability. The effects of extraction parameters were investigated 
and optimized. Coupled to gas chromatography with a flame thermionic detector, 
the optimized SPME method was applied to the analysis of organophosphorus 
pesticides (OPPs) in real water samples. 
3 In the third chapter, using a glass capillary as a “mold”, methacrylic 
acid-trimethylolpropanetrimethacrylate (MAA/TRIM) copolymers were 
immobilized on a stainless steel wire base as a novel coating for SPME. The 
extraction performance of the MAA/TRIM-coated fiber was then evaluated in 















species of chemical compounds including opioids, xanthic alkaloids and 
phenoxyacetic acid herbicides were selected as additional examples to further 
illustrate the extraction mechanism and applicability of the fiber. The fiber showed 
high extraction efficiency for highly functionalized molecules (typically 
containing multiple amino, hydroxy, carbonyl and carboxy groups) via a 
hydrogen-bonding extraction mechanism. The maximum extraction ability and 
selectivity of the fiber could be obtained only in non-polar (aprotic) organic 
solvents, which are effective for the hydrogen bonding interaction. The 
MAA/TRIM-coated fibers are used for the effective extraction of triazines in 
black rice, rice and ormosia. 
4 In the fourth chapter, hydroxyl-terminated polymethylphenylsiloxane (PMPS-OH) 
was synthesized and successfully applied as a stationary phase to prepare a novel 
coating for SPME via the sol-gel process. The extraction efficiency of the 
PMPS-coated fiber for selected pesticides was higher than that of commercial 
fibers including 100 μm polydimethylsiloxane (PDMS), 85 μm polyacrylate (PA) 
and 65 μm polydimethylsiloxane/divinylbenze (PDMS/DVB). The optimized 
method was used for the determination of pyrethoids and organochlorines in 
vegetables. 
5 In the fifth chapter, a multi-walled carbon nanotubes (MWCNTs)/Nafion 
composite coating was used as a working electrode for the electrochemically 
enhanced solid phase microextraction (EE-SPME) of charged compounds. 
Suitable negative and positive potentials were applied to enhance the extraction of 
cationic (protonated amines) and anionic compounds (deprotonated carboxylic 
acids) in aqueous solutions, respectively. Compared to the SPME mode (without 
applying potential), the EE-SPME presented more effective and selective 
extraction of charged analytes primarily via electrophoresis and complementary 
charge interaction.   
6 In the sixth chapter, an EE-SPME method was applied for the enhanced extraction 
of amphetamines as well as several other typical drugs in pure aqueous matrix and 
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